The European cardiac resynchronization therapy (CRT) survey is a joint initiative taken by the Heart Failure Association and the European Heart Rhythm Association of the European Society of Cardiology. The primary aim of this survey is to describe current European practice associated with CRT implantations.
Introduction
The recent ESC Heart Failure Guidelines, 1 
the ESC/European
Heart Rhythm Association (EHRA) Guidelines for Cardiac Pacing, 2 and the ACC/AHA/HRS Guidelines for Device Therapy 3 provide a class I recommendation with the level of evidence A for cardiac resynchronization therapy (CRT) treatment with or without an ICD in patients with symptomatic heart failure (NYHA III and IV) despite adequate medical treatment, a QRS duration .120 ms and an EF , 35%, in order to improve survival and reduce morbidity. Guidelines provide little guidance on which patients should have CRT-P or CRT-D, reflecting the lack of relevant data from randomized clinical trials (RCTs). 4 -6 The implantation rate of CRT-P or CRT-D in Western Europe was 100/million inhabitants in 2008; 25% of these devices were CRT alone (CRT-P) and 75% were devices in combination with an ICD (CRT-D). 7 The data from RCTs on CRT are largely based on selected patients and there is also limited data in elderly patients with co-morbidity. It is likely that many patients who would benefit from device therapy do not receive it. In contrast, some patients who receive a device do not fulfil guideline criteria. 8 Recent publications suggest that patients with higher left ventricular ejection fractions (LVEF), milder symptoms, atrial fibrillation, right bundle branch block (RBBB), or narrower QRS durations with evidence of mechanical intraventricular dyssynchrony may benefit from implantation of a CRT device. 9, 10 There is substantial variation across Europe both with regard to interpretation of the indications as well as implantation routines and procedures. Specifically, practice varies with regard to decisions concerning device type.
11
This European CRT survey was initiated by the Heart Failure Association (HFA) and the EHRA of the ESC in order to describe current European practice and routines associated with CRT-P/ CRT-D implantations based on a sample of patients enrolled in 13 countries. The data collected following implantation provide information including clinical characteristics, diagnostic criteria, implantation routines and techniques, adverse experience, in-hospital course, discharge status, and assessment of adherence to guideline recommendations. This report details the information captured following successful implantation and entry into the survey. A single follow-up visit at 1 year (9-15 months) will provide patient information and short-term clinical outcomes.
Methods Objectives
The primary objective of this survey is to describe current European practice based on a broad sampling in 13 countries. The information collected will enable practice between centres and countries to be compared and permit benchmarking with national and international practice. The survey provides valuable quality assurance assessment for individual centres, permits limited economic analyses, and broadly evaluates adherence to guideline recommendations.
Design
The rationale and design of the CRT survey has been published recently. 12 All centres implanting CRT devices (CRT-P, CRT-D, or an upgrade) in the chosen countries were invited to participate. Centres were asked to enrol consecutive patients after successful implantation between 1st November 2008 and 30th June 2009.
Data collection
Data were collected using online internet entry. An electronic case report form (eCRF) was developed by the Scientific Committee (Appendix 1) to capture demographics and clinical characteristics, selection criteria assessed prior to implantation, implantation procedures and techniques, device programming and optimization, adverse experience, hospitalization data, and pharmacological therapy at discharge. The contents of the eCRF are detailed in Appendix 2. All centres were asked to complete a one-time site questionnaire describing the type and size of the centre, reference area population, facilities, and number of invasive procedures performed. Germany and Sweden have ongoing device registries which include CRTs and capture most of the information contained in the CRT survey eCRF. With permission from both of the Steering Committees, CRT data collected consecutively in these two registries during the time frame were merged into the CRT survey database.
A central database was created at the data management centre, Institut für Herzinfarktforschung in Ludwigshafen an der Universität Heidelberg, Germany, which also maintained and interrogated the database and performed analyses. A web site www.crt-survey.org supported by the ESC Web department provides all the relevant documents and reports the current status.
Participating countries
The following 13 European countries contributed patients to the survey: Austria, Belgium, France, Germany, Ireland, Israel, Italy, the Netherlands, Norway, Spain, Sweden, Switzerland, and UK. Two national co-ordinators, one each from the fields of heart failure and electrophysiology, were selected and given the responsibility of facilitating recruitment in their respective countries (Appendix 1).
Survey population
All consecutive patients successfully implanted with a new CRT-P, CRT-D, or upgrades were eligible. The procedure itself identified the patient as a Survey candidate. A successful implantation was defined as a completed procedure. Patients screened but not successfully implanted were not entered into the Survey. Ethics approval and written informed consent were obtained in countries where required.
Statistical methodology
Percentages are shown for categorical variables to describe the patient population, and medians with inter-quartile range or means with standard deviations for continuous variables. 
Results

Participating centres
A total of 141 centres in Western Europe participated in the survey and recruited a total of 2438 patients during the 8 month enrolment period; of these 1384 patients were recruited by four countries: Italy (571), Sweden (321), Germany (291), and UK (201) (Figure 1 ). The median number of inhabitants for the hospital catchment area was 400 000 (range: 25 000 -700 000) and 86% of the hospitals covered an area with over 100 000 inhabitants. The median annual number of procedures was as follows: 1650 coronary angiographies, 850 PCI procedures, 200 pacemaker implantations, and 95 ICDs. The average number of invasive/electrophysiology laboratories was 2 (range: [1] [2] [3] [4] [5] [6] . Out of the total, 86% of hospitals had a heart failure management programme and 89% had a specialized CRT clinic available for follow-up.
Total cohort Demographics
The median age of patients was 70 (IQR 62 -76), 31% were .75 years of age (median of 78 and IQR 76-81), and 24% were women ( Table 1 ). It was found that 57% had had an admission to hospital for HF decompensation during the previous year. The aetiology for HF was ischaemic in 51% of patients and non-ischaemic in 40%, while 9% had other aetiology. More men (57%) than women (33%) had ischaemic heart disease (P , 0.0001).
Pre-operative evaluation
It was found that 26% of patients had undergone a prior device implantation (pacemaker/ICD) within the last year; 2% of patients were in NYHA functional class I, 20% in II, 70% in III, and 8% in IV ( Table 1) . Concerning rhythm and conduction disturbance, 23% of patients had atrial fibrillation and 68% of patients had left bundle branch block (LBBB); 62% of patients had a QRS duration .150 ms, 18% ,130 ms, and 9% ,120 ms. The median ejection fraction was of [25] [26] [27] [28] [29] [30] and the average LV end-diastolic diameter was 65 + 10 mm. It was found that 71% of patients had some degree of mitral insufficiency and 41% of patients had echocardiographic evidence of intraventricular dyssynchrony. The median BNP and NT-pro BNP values were 428 and 1740 pg/mL, respectively, compatible with clinical HF.
Procedure
Out of the total, 82% of patients had an elective planned admission for device implantation ( Table 2) . A CRT-D device was implanted in 73% of patients (75% of men and 67% of women; P , 0.001) and CRT-P in 27%. The operator was an electrophysiologist in 76% of cases, invasive cardiologist in 15%, a surgeon in 10%, and an HF physician in 4%. The procedure was performed in EP/catheterization laboratories in 78% of cases; 11% of patients required general anaesthetics; and 94% received prophylactic antibiotics. The median duration of the procedure was 100 min (IQR 66 -140) with a median fluoroscopy time of 17 min (IQR 10 -28).
It was found that 11% of patients had a peri-procedural complication reported; 3% of these were a pocket hematoma, and 2% phrenic nerve pacing. Coronary sinus dissection occurred in 1% of patients and required intervention in only a single patient. Only successful implantations were entered into this survey and therefore no deaths directly related to the procedure were reported.
The right ventricular (RV) lead was placed in an apical position in 74% of patients and the LV lead was placed in a lateral or posterolateral position in 89% of patients. Positioning was reported by the operator. 
Continued
Discharge status
The median duration of hospitalization was 3 days (IQR 2-7). Out of the total, 10 patients died during their hospitalization following implantation ( Table 3) . Device-related complications were recorded in 4% of patients. Lead displacement and phrenic nerve stimulation were observed each in 2%. The mean paced QRS duration after optimization was 133 + 27 ms, and significantly shorter than the pre-implant spontaneous QRS duration. Substantial improvement in NYHA functional status was reported (P , 0.0001) (Figure 2 ). Prior to implantation 22% of patients were reported to be in NYHA functional classes I -II and at discharge 52% of patients were considered NYHA classes I -II. It should be emphasized that these data were uncontrolled, subjective, and based on investigator evaluation.
Selected populations
Device type Ischaemic heart disease was more frequent in patients receiving a CRT-D (56 vs. 41%, P , 0.001) and previous VF/sustained VT was observed more frequently in the CRT-D group (19 vs. 2%, P , 0.001) ( Table 4) . Atrial fibrillation was reported less frequently in the CRT-D group (20 vs. 32%, P , 0.0001).
General anaesthetic was required during the procedure more often in the CRT-D group (12 vs. 7%, P , 0.001). As expected, the duration of the procedure was longer for CRT-D implantation (110 vs. 90 min, P , 0.001). Peri-procedural complication rates were similar. The median duration of hospitalization was longer for patients receiving a CRT-D (4 days (IQR 2 -8) vs. 3 days (IQR 1-6), P , 0.001).
Age
Out of the total, 31% of the patients were 75 years age ( Table 5) . The median age of the older cohort was 78 (IQR 76 -81) and the younger cohort (,75 years) 66 (IQR 59-70). Older patients were more likely to have ischaemic heart disease (56 vs. 48%, P , 0.001), less likely to have a QRS duration of ,130 ms (13 vs. 21%, P , 0.0005), and less likely to receive a CRT-D (55 vs. 81%, P , 0.001), and the duration of procedure was therefore shorter (90 vs. 110 min, P , 0.001). There was no substantial difference between the groups with regard to peri-procedural complications or adverse events during hospitalization.
Discussion
This CRT Survey recruited 2438 patients from 141 centres in 13 Western European countries. Important information reflecting current clinical practice included description of demographics and clinical characteristics, diagnostic criteria, implantation procedures and techniques, adverse experience, and hospital course. The recent ESC guideline recommendations are largely based on two key studies: COMPANION and CARE-HF. A third trial, REVERSE, was published more recently. Table 6 reports the key characteristics of the patient cohorts in comparison with the patients included in this survey. 10, 13, 14 MADIT-CRT 15 trial differ from the other two RCTs in that patients were asymptomatic or mildly symptomatic. When compared with RCTs, surveys and registries address different types of questions and provide different types of information. Surveys provide a snapshot of current practice, whereas registries entail long-term follow-up. RCTs evaluate new interventions in the populations that are most likely to benefit using a controlled protocol. A positive treatment response should translate into improved outcome, which depends on the primary endpoints of the trial. 16 In contrast, if all patients can be included consecutively, the design of surveys and registries should reflect actual clinical practice. The results demonstrate the degree to which physicians implement the results of RCTs and guideline recommendations. This Survey adheres to the suggested criteria for judging the scientific value of a clinical data registry.
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Guidelines recommend CRT for patients in NYHA functional classes III and IV, EF 35%, and QRS duration 120 ms despite optimal medical treatment. Guidelines are by nature conservative and only consider published clinical trials. The National Institute for Health and Clinical Excellence guidelines suggest that patients in NYHA functional class I/II may be candidates if they had had recent clinical deterioration. 7 No differentiation is made regarding the choice between CRT-P and CRT-D, except in cases where an ICD is recommended for secondary prevention of near lethal ventricular arrhythmias. Decisions regarding device type are based on clinical judgement as well as resource availability. 4 -6 There are obvious differences in patient characteristics, comparing the populations receiving CRT-D with patients receiving CRT-P. The reason for this is multifactorial, but it is clear that demographic and economical factors are taken into consideration. The data demonstrates that younger patients, men, and patients with ischaemic aetiology are more likely to receive a CRT-D device. The reasons for these differences deserve to be investigated. The target populations and diagnostic investigations that would best select patients likely to respond favourably from intervention have not been identified. 18, 19 QRS duration, a measure of electrical dyssynchrony, has formed the basis inclusion criteria in RCTs. Currently, none of the commonly employed echocardiographic measurements appear robust enough to accurately evaluate mechanical dyssynchrony or predict clinical response. 20 Based on clinical experience and intuition, clinicians frequently extrapolate the data from RCTs to wider populations, which is appropriate when clinical evidence is lacking and no opportunity to enrol the patient into a relevant RCT exists. Ongoing trials are also addressing populations previously not considered candidates for CRT. 15, 21 
a Median and interquartile range NYHA class was improved following CRT implantation most probably reflecting the placebo effect by device implantation, 22 but to some extent also the rapid onset of clinical improvement following CRT implantation. Interestingly, the paced QRS duration became significantly shorter after CRT implantation. A shortened paced QRS duration according to some authors has been shown to be related to a clinical benefit to CRT. 23 There are several important limitations of this Survey that deserve emphasis and necessitate caution in interpreting the findings. Participation was voluntary and 141 centres were recruited that represent approximately 18% of all potential implantation centres in the 13 countries. Three countries made major contributions (Italy, Sweden, and Germany). Differences in practice between countries, for example regarding choice of device type, can skew the results. 11 Based on the variations in the descriptions of the contributing centres, this Survey appears to have recruited a reasonably representative sample. Although the importance of consecutive inclusion is emphasized repeatedly to all investigators, we cannot confirm that all patients were included consecutively. Similarly, the accuracy of the data will not be audited and the potential for investigator selection bias is obvious. There is considerable variation in the sample size for some of the eCRF variables due to unavailable information, incomplete data entry, and incomplete overlap between the variables collected in the two device registries and this survey. Importantly, only successful implantations defined as a completed procedure were entered into the survey. We have no information regarding patients screened and not implanted or unsuccessful attempts. The contents of the eCRF were necessarily abbreviated and only the most important variables were included. The investigators were not compensated financially and data entry into this survey represented an extra effort in addition to busy clinical practice. A strength of this survey is the key findings that in contrast to populations from RCTs, our patients were older and a substantial number had a narrow QRS complex. Importantly, RCTs with one exception 24 implantation. In our cohort approximately one-fourth had atrial fibrillation and one-fourth had had a device implanted previously. Non-randomized observational studies, however, indicate a similar benefit from CRT as in sinus rhythm patients provided that patients have undergone AV nodal ablation, and CRT therapy delivery thus can be ensured.
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Generally our cohort is remarkably similar to the cohorts recruited in RCTs. A consistent finding is the low proportion of women receiving CRTs both in RCTs and this survey. Aggressive medical management was confirmed with high percentages of patients treated with diuretics, ACE inhibitors, ARBs, betablockers, and aldosterone antagonists. Importantly in this real-world population, complication rates were similar to the rates reported in RCTs. On the other hand, the peri-operative complication rate is not negligible and must be weighed against the potential benefits when considering CRT therapy in patients in mild symptoms. A single, follow-up visit at approximately 1 year following implantation will capture relevant clinical information and short-term outcomes.
Clinical implications
This Survey represents a reasonably large sample reflecting current European practice in the use of CRT devices in the management of patients with heart failure. The cohort recruited for this Survey is in many ways remarkably similar to the cohorts included in RCTS. Specifically, there were no substantial differences with regard to QRS width, LVEF, aetiology, gender, NYHA classification, and medical therapy. In contrast, there were major differences with regard to the proportion of elderly patients, patients with atrial fibrillation, or a previous device. Clinicians, researchers, and health care providers should find these data useful in designing future strategies for patient management, trial design, and resource allocation.
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